Micrococcaceae and Staphylococcaceae were enumerated (on SPC agar + 7.5% NaCl) in samples from the surface and the interior of pieces of dry-cured lacón (a Spanish traditional meat product), at different stages of the manufacturing process, and from six different batches (three made without and three with additives -glucose, sodium nitrite, sodium nitrate, sodium ascorbate, and sodium citrate-). The use of additives did not affect the counts or evolution of this microbial group.
Introduction
Dry-cured lacón is a traditional raw-cured meat product made in NW Spain, from the foreleg of the pig cut at the shoulder blade-humerus joint, following manufacturing processes similar to those used in the production of dry-cured ham. In the autonomous region of Galicia (NW Spain), the product is recognised as a Geographically Protected Identity (G.P.I.) (Official Journal of the European Communities, 2001).
Previous studies on dry-cured lacón have mainly concerned biochemical and sensory characterization of the final product (Marra et al., 1999; Veiga et al., 2003) , as well as the biochemical changes that take place during the manufacturing process (Lorenzo et al., 2003; Lorenzo et al., 2008a; Lorenzo et al., 2008b) . However, very few studies have explored the microbiological characteristics and refer only to the counts of some microbial groups at the end of the different stages of manufacture (Vilar et al., 2000) . There is no information about the presence of microbial groups of technological interest or about the species that occur throughout the entire manufacturing process. This restricts the manufacturer's ability to control these microorganisms with the aim of improving the quality of the final product. Moreover, the product is traditionally manufactured with only coarse salt, and no other additives. Recently, manufacturers have begun to use some common additives with the aim of improving the appearance and quality of the final product (to develop the typical colour of cured meats and inhibit growth of moulds on the surface). The effect of these additives on the microbial populations present throughout the manufacturing process is at present unknown.
The importance of the microorganisms belonging to the Micrococcaceae and Staphylococcaceae families in the biochemical processes that take place during the ripening of raw-cured meat products has been demonstrated by several authors (Liepe, 1983; Hammes, 1986; Hinrichsen and Pedersen, 1995) , who emphasized the contribution of these microorganisms to the development of the colour and flavour of the products. The main functions of these microorganisms in cured meat products are: (i) production of catalase, (ii) production of nitrite reductase, (iii) reduction of nitrate, (iv) production of proteases, peptidades and lipases, which intervene in the degradative processes that take place throughout maturation of the products and are responsible for the production of the taste and aroma compounds that characterize the flavour of the final products. After lactic acid bacteria, these microorganisms are the most often used as starter cultures in the meat industry. However, strains belonging to this microbial group can develop undesirable actions such as production of biogenic amines or enterotoxins dangerous to consumers.
The aims of the present work, which forms part of a wider study on the microbiological and biochemical changes that take place during the manufacture of dry-cured lacón, were to quantify the Micrococcaceae and Staphylococcaceae on the surface and in the interior of this meat product at different stages of the manufacturing process, to identify the species present, and also to study the effect of the use of some additives on the presence and behaviour of this microbial group. In future studies, the technological and safety properties of the isolated strains will be investigated in detail in order to determine the role of these species in the manufacture of lacón, with the final purpose of using these strains as starter cultures.
Materials and Methods

Samples
Six batches of dry-cured lacón were manufactured in three different pork meat industries. Each batch comprised 9 pieces of lacón (from Landrace x Large White pigs) each weighing approximately 4 kg. Raw pieces from three batches, one per industry, were salted with an excess of coarse salt, to form piles with alternate layers comprising of pieces or salt. The pieces remained in the pile for four days (one day per kg of weight). The temperature of the salting room was between 2 and 5 ºC, and the relative humidity between 80 and 90%. After the salting stage, the pieces were removed from the pile, brushed, washed and transferred to a post-salting room where they remained for 14 days at 2-5 ºC and approximately 85-90% relative humidity. After the post-salting stage, the pieces were transferred to a room at 12 ºC and 74-78% relative humidity, where drying-ripening took place over the course of 84 days. Prior to the salting process, the pieces from the other three batches (one per industry) were each rubbed with a mixture of additives comprising glucose (2 g/kg), sodium nitrite (E 250 ) (125 mg/kg), sodium nitrate (E 251 ) (175 mg/kg), sodium ascorbate (E 301 ) (500 mg/kg), and sodium citrate (E 331 ) (100 mg/kg). In these batches, salting, post-salting and drying-ripening were carried out under the same conditions as in the batches manufactured without additives.
In each batch, samples were taken from fresh pieces, after the end of the salting stage, after 7 and 14 days of post-salting, and after 7, 14, 28, 56, and 84 days of drying-ripening. Each sample consisted of one whole piece of lacón. Samples were transported to the laboratory at <4 ºC and analysed on arrival.
Microbiological analysis
In each lacón piece, samples from the surface and interior were obtained for analysis. Surface samples were taken by aseptic removal of slices (surface area 100 cm 2 and about 2 mm in thickness) following the method of Fliss et al. (1991) . Samples from the interior were taken with the aid of a sterile metallic rod, which was introduced into the musculature at five different points, after aseptic and consecutive removal of three 2 mm thick slices from the surface. Twenty-five grams from the surface and 25 grams from the interior of each piece of lacón were homogenized, in each case with 100 mL sterile 0.1% peptone (Oxoid, Unipath Ltd., Basingstoke, UK) water containing 0.85% NaCl and 1% Tween 80 as emulsifier, at 40-45 ºC for 2 min in a Stomacher 400 Lab Blender (Seward Medical, London, UK), to provide a 1/5 dilution. Successive tenfold dilutions were prepared by mixing 10 mL of the previous dilution with 90 mL 0.1% sterile peptone water.
In each sample, the Micrococcaceae and Staphylococcaceae were enumerated on Standard Plate Count Agar (Oxoid) + 7.5 NaCl, after incubation at 30 ºC for 48 h.
From each sample, 1 mL of each dilution was inoculated in duplicate on plates and mixed before solidification. After incubation, the number of colonies on plates with 30-300 colonies, were counted.
Isolation and identification of strains
For four batches (two made without and two made with additives), 10 colonies were taken at random from SPC agar + 7.5% NaCl plates, from each sampling point corresponding to each batch (five from the surface sample and five from the interior sample) with the aid of a Harrison disk (Harrigan and Mc Cance, 1976) . For some sampling points it was not possible to collect this number of colonies because of lack of growth or insufficient growth on the plates. Ninety strains were isolated from the surface and 80 from the interior of the pieces in the batches made without additives, and 90 strains were isolated from the surface and 75 from the interior of the pieces in the batches made with additives. The isolates were purified by 4 alternate subcultures on BHI agar and in BHI broth (Oxoid). The purified strains were then maintained at -80 ºC with 20% glycerol as a cryoprotective agent.
Gram-positive, catalase-positive cocci grouped in pairs, tetrads or irregular clusters were identified following the methods and criteria described by Schleifer and Kloos (1975a, 1975b) , Schleifer (1986) and Kloos et al. (1992) . The following tests were carried out on each isolate: oxidation and fermentation of glucose and mannitol; assimilation of glycerol in aerobic conditions; growth in furazolidone agar and growth in lysostaphin agar. The aerobic cocci that were resistant to furazolidone and lysostaphin and incapable of assimilating glycerol were considered to be Micrococcaceae; the facultatively anaerobic cocci, incapable of growth in furazolidone agar and lysostaphin agar and able to assimilate glycerol were considered to be Staphylococcaceae. In order to identify the strains to species level, the following tests were carried out: colony pigmentation on BHI agar; growth in 7.5, 10 and 15% NaCl; characteristics of growth in Baird-Parker agar; aesculin hydrolysis; growth at 10 ºC; acetoin production; nitrate reduction; presence of oxidase, alkaline phosphatase, urease, arginine dihydrolase, ornithine decarboxylase, ß-galactosidase, arginine arylamidase, pyrrolidonyl arylamidase, ß-glucuronidase; novobiocin resistance and acid production from N-acetyl glucosamine, L-arabinose, D-cellobiose, D-fructose, glucose, glycerol, lactose, maltose, D-mannitol, D-mannose, raffinose, D-ribose, sucrose, D-trehalose and D-turanose.
Identity of the strains was confirmed using the system API 32 STAPH (bioMérieux, Marcy-l'Etoile, France).
Biochemical analysis
Total solid, NaCl and nitrate contents, and pH and a w values were determined using the methods cited by Lorenzo et al. (2003) . All chemical determinations were carried out in duplicate in each sample.
Statistical analysis
In order to detect any significant differences between the different sampling points during ripening of the batches from the same manufacturing process (without or with additives), and between the two types of processes at each sampling time, analyses of variance (ANOVA) were performed, with a confidence interval of 95% (P<0.05). Means were compared by the least squares difference (LSD) test, with the Statistica  5.1 computer programme for Windows (Statsoft Inc, 1996 , Tulsa, OK, USA). Table 1 shows the changes in the counts in SPC agar + 7.5% NaCl corresponding to the surface and the interior of the pieces, in the batches made without and with additives. This table also shows the counts of total aerobic mesophilic microflora on SPC agar (Oxoid), already published (Lorenzo et al., 2010) , with the only purpose to show and to appreciate the contribution of the Micrococcaceae and Staphylococcaceae to the total aerobic mesophilic microflora in this meat product.
Results and Discussion
Microbial counts throughout the manufacturing process
High counts of total aerobic mesophilic microflora and Micrococcaceae and Staphylococcaceae were observed, both at the surface and in the interior of the fresh pieces, which appears to be associated with appreciable contamination of the pieces and an important degree of microbial multiplication in the quartering rooms and in the manufacturing industries.
The counts of the Micrococcaceae and Staphylococcaceae at the surface of the fresh pieces were similar to those observed by Silla et al. (1989) and of the order of 0.5 log 10 units higher than those reported by Huerta et al. (1988) for fresh ham pieces. The counts of this microbial group in the interior of the fresh pieces were around one log 10 unit lower than those observed by Huerta et al. (1988) in raw pieces used in the manufacture of raw-cured ham.
After salting, the counts of the Micrococcaceae and Staphylococcaceae at the surface showed a small decrease, sometimes even imperceptible. The decrease in numbers was more intense in the interior of the pieces.
The Micrococcaceae and Staphylococcaceae increased significantly (P<0.05) during the post-salting stage and during the first days of the drying-ripening stage, with maximum counts reached after 7 days of drying-ripening (around 9 log 10 CFU/g in the surface and 3-4 log 10 CFU/g in the interior of the pieces); the microbial counts then remained stable until the end of the manufacturing process.
An increase in the counts of the salt tolerant microflora during the post-salting and the first days of the drying-ripening stage has also been observed by several authors during the manufacture of other raw-cured meat products made from whole pieces such as ham (Huerta et al., 1988; Silla et al., 1989; Carrascosa et al., 1992) and Spanish cecina (García et al., 1995) .
Due to the intensity of the salting process in this meat product, and to the high salt concentrations reached both at the surface and in the interior of the pieces immediately after the post-salting stage (see Table 2 ), the counts of the Micrococcaceae and Staphylococcaceae from the end of the post-salting stage (14 days of post-salting) were almost the same as those of the total aerobic mesophilic microflora, as a consequence of the selective action exercised by the high NaCl contents. This effect has previously been observed in other meat products subjected to salting followed by a drying-ripening process (Giolitti et al., 1971; Graham and Blumer, 1971; Van der Riet, 1982; Carrascosa et al., 1988; Huerta et al., 1988; Silla et al., 1989; Rodríguez et al., 1994; García et al., 1995) .
At each stage of manufacture, comparison of the average counts of the Micrococcaceae and Staphylococcaceae corresponding to the surface and the interior of the pieces of the batches made without additives with those obtained in the pieces of the batches made with additives, revealed that the use of additives had little effect on the growth of this microbial group.
Species isolated throughout the manufacturing process
Of the 90 strains isolated from the surface of the pieces from the batches made without additives, 52 were identified as Staphylococcus xylosus, 5 as Staph. equorum, 1as Staph. warneri, 1 as Staph. epidermidis, 7 as Staph. intermedius, 2 as Staph. capitis, 2 as Staph. sciuri, 1 as Staph. gallinarum, 2 as Kocuria varians, 1 as M. lylae, 11 did not belong to the Micrococcaceae or Staphylococcaceae families and 5 strains were lost in the course of the purification process.
The distribution in the sampling points of the species isolated from the surface of the pieces during the manufacture of the lacón batches made without additives is shown in Table 3 .
Of the 80 strains isolated from the interior of the pieces from the batches made without additives, 56 were identified as Staphylococcus xylosus, 3 as Staph. equorum, 2 as Staph. simulans, 1 as Staph. intermedius, 1 as Staph. capitis, 1 as Staph. cohnni, 1 as Staph. gallinarum, 2 as Kocuria varians, 1 as K. rosea, 11 did not belong to the Micrococcaceae or Staphylococcaceae families and one strain was lost during the course of the purification process.
The distribution in the sampling points of the species isolated from the interior of the pieces during the manufacture of the lacón batches made without additives is also shown in The distribution in the sampling points of the species isolated from the surface of the pieces during the manufacture of the lacón batches made with additives is shown in Table 4 .
Of the 75 strains isolated from the interior of the pieces from the batches made with additives, 51 were identified as Staphylococcus xylosus, 2 as Staph. equorum, 1 as Staph. simulans, 5 as Staph. intermedius, 1 as Staph. capitis, 1 as Staph. cohnni, 1 as Staph. sciuri, 1 as Kocuria varians, 9 strains did not belong to the Micrococcaceae or Staphylococcaceae families and 3 strains were lost during the course of the purification process.
The distribution in the sampling points of the species isolated from the interior of the pieces during the manufacture of the lacón batches made with additives is also shown in Table 4 .
Of the 335 strains isolated in the present study during the manufacture of the four lacón batches, 322 strains were identified (13 were lost during the purification process). Of these 322 strains, 285 were identified as Micrococcaceae (genera Micrococcus and Kocuria) or Staphylococcaceae (genus Staphylococcus) (88% of the strains subjected to identification), which reflects the high selectivity of the SPC agar + 7.5% of NaCl medium for this microbial group.
In the present study, many more isolates were identified as Staphylococcaceae (genus Staphylococcus) than as Micrococcaceae (genera Micrococcus and Kocuria). The Staphylococcus strains comprised 95.9% of the strains identified from the surface of the pieces made without additives, 95.6% of the strains identified from the interior of the pieces made without additives, 96.25% of the strains identified from the surface of the pieces made with additives, and 98.4% of the strains identified from the interior of the pieces made with additives. The Micrococcus/Kocuria only comprised 4.0%, 4.4%, 3.75% and 1.6% of the strains identified, respectively.
The predominance of the isolates of the genus Staphylococcus over those of the genera Micrococcus or Kocuria is a common finding in studies of characterization of the microflora of meat products (Graham and Blumer, 1971; Von Rheinbaben and Seipp, 1986; Molina et al., 1989; Comi et al., 1992; Kotzekidou, 1992; Delarras et al., 1994; Rodríguez et al., 1994; García et al., 1995; Rodríguez Jovita, 1997; Papamanoli et al., 2002; Martín et al., 2006) . This same phenomenon has been observed by Delarras et al. (1994) in different raw foods of animal origin.
The prevalence of the genus Staphylococcus may be at least partly due to the greater resistance to high concentrations of salt that the staphylococci show, in addition to their wider distribution in nature. The Staphylococcus grow in the presence of salt contents of up to 15%, while the Micrococcus cannot tolerate concentrations of more than approximately 10% (Seager et al., 1986; Campanini et al., 1987; Kotzekidou, 1992) . The best adaptation of the Staphylococcus to the low values of redox potential that become established as consequence of the drying of the product may affect this phenomenon (Kotzekidou, 1992) . The percentage of Staphylococcus and of Micrococcus in particular products varies depending on the salt content and on the values of a w and Eh; variations in pH do not appear to affect this percentage.
In general the same species of Staphylococcus and of Micrococcus/Kocuria were isolated from the batches made without and with additives.
Staphylococus xylosus was the most abundant and most consistent species throughout the manufacture of the batches made without and with additives, and prevailed as much in the surface as in the interior of the pieces. This species comprised 73% of the strains of staphylococci isolated from the surface of the pieces in the batches made without additives, 86% of those isolated from the interior of the pieces in the batches made without additives, 73% of those isolated from the surface of the pieces in the batches made with additives, and 82% of those isolated from the interior of the pieces in the batches made with additives. This species has also been identified as the most abundant species of Staphylococcus in other raw-cured meat products made from whole pieces (Von Reinbaben and Seipp, 1986; Molina et al., 1989; Carrascosa and Cornejo, 1991; Cornejo and Carrascosa, 1991; Rodríguez et al., 1994) and in fermented sausages (Seager et al., 1986; Coppola et al., 2000; Cocolin et al., 2001; Papamanoli et al., 2002; Rantsiou et al., 2005; Martín et al., 2006; García Fontán et al., 2007b; Martín et al., 2007) . This species is, in fact, one of the most resistant to unfavourable environmental conditions (McMeekin et al., 1987; Chandler and McMeekin, 1989) . Staphylococcus xylosus is also one of the most genetically variable microbial species, which may lead to the existence of diverse biotypes with different phenotypic characteristics (Kloos, 1980) ; this phenomenon may be due to the capacity of this species to adapt to different environmental conditions (Rodríguez Jovita, 1997) . Some authors have proposed preparing a starter culture with this species in order to ensure good development of the process for ham, as well as for other raw-cured meat products (Hammes et al., 1985; Lücke and Hechelmann, 1987) .
Among the novobiocin-resistant species of staphylococci, Staph. equorum was the next most abundant, although present in much smaller proportion than Staph. xylosus. This species was isolated equally from the batches made without additives and from those made with additives, and from the surface and the interior of the pieces. Staphylococcus equorum was the main species of staphylococci isolated from Spanish cecina (García et al., 1995) and has also been isolated by different authors in other raw-cured meat products made from whole pieces Kotzekidou, 1992; Rodríguez et al., 1994; Rodríguez Jovita, 1997) , and from fermented sausages (Cantoni and Pizzo, 1980; Simonetti and Cantoni, 1983; Comi et al., 1986; Seager et al., 1986; García Fontán et al., 2007b) . Staphylococus equorum is, along with Staph. xylosus, one of the most abundant species in fresh meat (Schleifer et al., 1984; Kloos, 1990) .
Staphylococcus sciuri was isolated in very low numbers and was not isolated from the samples of the interior of the pieces in the batches made without additives. This species is, like Staph. xylosus, one of the species of staphylococci that is isolated in highest proportions at different stages of the process of manufacture of ham (Von Rheinbaben and Seipp, 1986; Molina et al., 1989) . This species has also been isolated from sausages (García Fontán et al., 2007a) , but in a very low proportion.
Finally, among the novobiocin-resistant species of staphylococci, Staph. gallinarum and Staph. cohnii were isolated in very low proportions (only two strains of each species).
Among the species of staphylococci sensitive to novobiocin, the most abundant was Staph. intermedius (17 strains). This species was obviously much less abundant than Staph. xylosus, but it was isolated equally from the surface and from the interior of the pieces in the batches made without or with additives. Staphylococcus intermedius has so far not been identified in raw-cured meat products made from whole pieces, but it has been isolated from raw-cured sausages (Comi et al., 1992; García-Varona et al., 2000) . The other novobiocin-sensitive species of staphylococci isolated in the present study were Staph. capitis (9 strains), Staph. epidermidis (4 strains), Staph. simulans (3 strains) and Staph. warneri (3 strains). The finding of these four species is consistent with the novobiocin-sensitive species of staphylococci isolated by other authors in other meat products (Delarras, 1980; Kloos et al., 1992; Martín et al., 2006) . The proportions in which the latter authors isolated the species were also low and very similar to those found in the present study.
The salt used to cure the product is generally accepted to be the source of species of novobiocin-resistant staphylococci. In a study of isolates of Staphylococcus originating from marine salt and from salt previously used in the salting process of hams from white or Iberian pigs, Cordero and Zumalacárregui (2000) found Staph. xylosus and Staph. equorum to be the main species of staphylococci in the three types of salt. However these species may also originate from other types of contamination, since they are widespread in nature and comprise part of the normal flora of the skin of many farm animals; in fact, in recent studies (Leroy et al., 2006; Corbière Morot-Bizot et al., 2010 ) Staph. equorum was described as the most prevalent species of staphylococci in the environment of small units manufacturing traditional sausages. The presence of these species in the samples from the interior of the cured meat pieces is generally associated with the salt that penetrates the pieces. The microorganisms may therefore originate from the salt or may be present as superficial contaminants in the pieces.
The novobiocin-sensitive species originated from contamination from the skin of humans and the animals themselves (Schleifer, 1986; Comi et al., 1992) . This microbial group has been isolated preferably from human skin (Kloos and Musselwhite, 1975; Kloos, 1990) and its presence in meat products has been related to handling of the pieces prior to the salting process. However, some of the novobiocin-sensitive species of staphylococci isolated in the present study (Staph. intermedius, Staph. capitis, Staph. epidermidis and Staph. simulans) were also isolated by Cordero and Zumalacárregui (2000) from salt, after hams were subjected to the salting process, although these authors suggest that the species may have originated from human sources. Judging from the identity of the species of staphylococci isolated from the lacón and from their proportions, it appears that salt is the main source of these microorganisms.
As already pointed out, microorganisms belonging to the Micrococcaceae family (genera Micrococcus and Kocuria) were isolated in very low proportions relative to those of the family Staphylococcaceae; the species isolated were: Kocuria varians (6 strains), K. rosea (2 strains), Micrococcus lylae (1 strain) and M. luteus (1 strain).
According to Schleifer et al. (1984) , Kocuria varians is the predominant species of animal origin. Other authors have also isolated this species from other raw-cured meat products made from whole pieces (Van der Riet, 1982; Kotzekidou, 1992; García et al., 1995) and from fermented sausages (Papamanoli et al., 2002; Martín et al., 2006; García Fontán et al., 2007b) , although also in very low proportions. This species is included among the starter cultures used in raw meat products (Lücke and Hechelmann, 1987) .
Kocuria rosea has not been described in raw-cured meat products made from whole pieces, but it has been observed, although in very low proportions, in raw-cured sausages (Coppola et al., 1997) and in foods of animal origin (Delarras et al., 1994) . It is present in soil and water (Schleifer, 1986) , and its presence in dry-cured lacón may be associated with contamination of this origin.
One strain of Micrococcus luteus was isolated from the surface of one piece manufactured with additives. Isolation of M. luteus is not common in raw-cured meat products. This species dominates on the human skin (Kloos et al., 1974) and its presence in the lacón may be associated with handling of the pieces, although this species was also isolated by Cordero and Zumalacárregui (2000) from salt originating from the salting of hams from white pig.
Micrococcus lylae has been isolated by De la Rosa et al. (1990) in semi-preserved meat products, by García Fontán et al. (2007b) in fermented sausages, and by Cordero and Zumalacárregui (2000) from salt from the salting process of hams from white and Iberian pigs. Its origin also appears to be associated with handling of the pieces since this species is habitually present on human skin (Kloos et al., 1974) . Table 3 . Changes in the species isolated from SPC agar + 7.5% NaCl from the surface and the interior of the pieces during the manufacture of dry-cured lacón made without additives (two batches) Table 4 . Changes in the species isolated from SPC agar + 7.5% NaCl from the surface and the interior of the pieces during the manufacture of dry-cured lacón made with additives (two batches)
